Abstract. The purpose of this paper is to estimate ecological carrying capacity (K) and growth rate (r) of Lithuanian wolf based on the estimated population sizes and number of harvests from 1966 to 2007. We used the modified Schaefer model where population dynamics is described by the logistic-equationtype growth function with time lag operator (τ) and harvest. We statistically selected the best model whose τ value was 4 and estimated value of K and r were 626 heads for the total Lithuanian territory and 0.776/ year, respectively. Then we examined the appropriateness of the values from the ecological point of view and concluded that ecological carrying capacity is supported by the prey base of wild animals, mainly cervids, and also by depredation on domestic animals. In 1994-1998, the population was near ecological carrying capacity or exceeding it, what we explain by high ecological plasticity of the species and increased use of domestic animals.
IntroductIon
The wolf (Canis lupus) inhabits the Baltic States and their neighbouring countries such as Finland, Russia and Poland. LCIE reports the population size of wolf in the Baltic States as 400-500 heads in Lithuania, 300-500 in Latvia and 100-150 in Estonia (LCIE 2008) . The numbers are changing though and in 2008 the official wolf population in Lithuania was 409 individuals while the minimum population count showed only 273 (Monitoring data 2008). The ecological carrying capacity of Latvia for wolf is quite high -over 1,000 individuals (Kawata 2008) . In Lithuania, it has not been known to date. Thus, our study aims to give basic information on the estimated values of ecological carrying capacity and growth rates of wolf in Lithuania for scientific monitoring. Although the estimated values for parameters K and r are based on a simple model, they can be used as a candidate of index for wolf ecology. They can be used in consulting about the current wolf status in Lithuania and for comparison with values of other countries.
MaterIal and Methods
Our study was based on an official wolf survey and bag numbers in Lithuania in (Table 1) . However for 2006 and 2007 , the minimum population count based on two-day snow tracking in all forest districts for two days was used. Because the numbers of wolves hunted are not available from 1994-1995, we substituted them with the arithmetic average of 1993 and 1996 ((148 + 122)/2 = 135). In 2005-2007, the hunting seasons' quota was set at 20 individuals. In 2007 it was not fulfilled (18 individuals hunted), but we have data on two wolf individuals lost in road accidents; thus, the number of 20 was used (Balčiauskas, unpubl.) . Source: Official wolf survey and bag numbers in Lithuania. DOI: 10.2478/v10043-009-0018-3 We supposed the population dynamics of Lithuanian wolf can be described by a logistic equation with time lag and harvest. We used the following Schaefer model because it is widely used not only in fishery science but also in wild animal science, especially recently (Bulte & van Kooten 1999; Skonhoft 1999; Rondeau & Conrad 2003) . Our model is described as follows:
where N, r, K and h are population size, growth rate, ecological carrying capacity and number of harvests, respectively. We set the interval of time period t as 1 year. τ is the time lag operator, which takes non-negative integral numbers. For the estimation of K and r, we rewrote the above equation as follows:
, 2) and ε τ denote para meters and unobserved errors, respectively; β 1 = r and β 2 = -r/K. Firstly, we estimated β 1 and β 2 , and subsequently we calculated the values of K and r using above relationships.
The procedure of the estimation of K and r is largely based on Kawata (2008) with minor modifications. For the estimation, we used EViews Ver. 6 by Quantitative Micro Software. To be brief, we made the estimation based on the following procedures ( Fig. 1 ): 1. We set the value of τ; τ is the time period influential to the dynamics of wolf population size. We limited the upper value to 5 years because most of wolves in neighbouring Latvia die until that age (Ozoliņš & Andersone 2002; Ozoliņš et al. 2008) . In Belarus, only 11 percent of wolves were older than 4 years (Sidorovich et al. 2007) . Therefore, we set τ between 0 and 5 and used the following procedures for 6 cases. 2. We conducted the Kwiatkowski-Phillips-SchmidtShin (KPSS) test to detect if explanatory variables X iτ s (i = 1, 2, and τ = 0,…,5) and explained variable Y are stationary or not. The null hypothesis (H 0 ) of the KPSS test is 'variable is stationary'. If H 0 was rejected at more than 5%, we regarded the variable as non-stationary. If both explanatory (at least one) and explained variables were non-stationary, we moved on to procedure 3.
Other wise (in our case, none or at most one variable was non-stationary), we moved on to procedure 4. 3. We conducted a co-integration test. For this test, we adopted Johansen's test. If co-integration was detected, we applied the dynamic ordinary least square (DOLS) method and had the estimated value of K and r. Otherwise, we finished estimation without estimating K and r. 4. We estimated K and r using OLS. Then we conducted F test and LM test for serial correlation. Null hypotheses (H 0 ) of F test and LM tests are 'there is no serial correlation'. If H 0 was rejected at more than 5%, we regarded there was serial correlation and we applied the Cochrane-Orcutt method when estimating K and r using OLS.
results
We followed the procedures mentioned above. In procedure 2, we conducted the KPSS test. The results are tabulated in Table 2 . For 6 cases of τ, we supposed two types of test equations: only intercept was included (denoted 'I') and both intercept and trend were included (denoted 'I & T'). Default was selected for a spectral estimation method, and Bartlett kernel was selected au- tomatically. Bandwidth was also automatically selected, and Newey-West Bandwidth was used. When τ = 3 and type of test equation is 'I', all variables were regarded as stationary. For other cases, only one variable was regarded as non-stationary and two variables were regarded as stationary. Therefore, we moved to procedure 4 and applied OLS for all 6 cases 1 .
In procedure 4, we applied OLS to all 6 cases of τ values. When null hypotheses (H 0 ) of F test and LM tests are rejected at 1% level, we also conducted OLS with the Cochrane-Orcutt method. The results are tabulated in Table 3 . When τ = 0, 1 and 2, OLS was applied, and when τ = 3, 4 and 5, OLS with the Cochrane-Orcutt method was applied. Based on AIC and adjusted R², we selected τ = 4 case as the best model, where estimated values of K and r were 626 heads for all Lithuanian territory and 0.776/year, respectively.
dIscussIon
In general, the population size should be less than carrying capacity (Odum 1953) , which was confirmed by the wolf population in Latvia (Kawata 2008 ) was based on the use of unusual habitats formed after destruction of intensive agriculture and other human activities such as abandoned and re-grown fields, restoring exploited peat-lands, closed military areas, unused fish pond complexes, also new protected areas established after 1992 (Balčiauskas 2002 (Balčiauskas , 2008 . Lithuanian forests abound in ungulates, being the main prey of wolves in natural habitats. In 1990-2000 the average number of wild boar was over 20, 000 (16,620-24,500) , that of roe deer over 44,500 (36,300-68,600) , and that of red deer near 13,500 (13,391-16,701) (Baleišis et al. 2003) . The current population of ungulates is much larger, thus may support even higher numbers of wolves. In addition, Lithuania can boast of a very large population of beaver, which is food source for wolf in Latvia, too (Andersone & Ozoliņš 2004 ). Here we explain that the number of wild food items, irrespective of their share in wolf diet, may even separately support the current numbers of wolves. Our model did not evaluate food availability -but in Lithuania we have surplus of wild food for wolf. As additional food source, there always have been num- bers of domestic animals killed by wolves in Lithuania ). In 1995 -2002 , the number of killed cattle and sheep was about 1,000 heads yearly (Bluzma 1999; Balčiauskas 2002 (Balčiauskas, unpubl.) . Thus, based on the estimation of ecological plasticity of the species and food resources (considering wild and domestic animals), we may conclude that ecological carrying capacity for wolves in Lithuania was calculated properly.
In this work we do not consider transboundary movements of wolf packs. In Latvia, migration of wolves from neighbouring areas in the east (Russia) is known (Andersone 2003; Andersone et al. 2005) . In north Lithuania, a survey of wolves shows packs migrating to/from Latvia, while in south Lithuania to/from Byelorussia (Balčiauskas, unpubl.) . Nevertheless, it is hardly believable these migrations to be intensive enough to influence ecological carrying capacity of the species. Contrary to Kawata (2008), we did not explain an extremely large proportion of hunted wolves in the 1970s and 1980s by immigration, but rather by underestimation of the population size. The possible reason could be political, as wolf was regarded as a pest and exterminated by all possible ways; thus, underestimation of pest numbers was politically 'sound'. The growth rate (r = 0.776/year) seems acceptable, and is not necessarily based on immigration of wolves from neighbouring countries. For Latvia, growth rate was considered being higher (Kawata 2008) , thus requiring support from the immigration process. At the moment, numerical estimation of transboundary wolf packs between the two countries is absent. Knowing this parameter may improve the power of our models. The difference in response rate between Latvian and Lithuanian wolves -the latter being one year latermay be explained by different age structure between populations. The authors presume that a lower hunting pressure in Lithuania let wolves achieve older agethus, response is also later. But for confirmation of this presumption we lack data on the age of hunted wolves in the bag. Also, our results point out to the lack of knowledge of wolf diet in Lithuania (killing rate and diet composition, for example). Additional data can improve discussion in the future.
conclusIons
Ecological carrying capacity for wolves in Lithuania is 626 individuals as estimated by the modified Schaefer model, and growth rate is 0.776 per year. High population numbers of wild boar, red deer and roe deer may support even higher wolf numbers (based on the average food requirements of the species); however, wolf diet studies are not being carried out in Lithuania currently. High ecological carrying capacity is supported not only by wild prey base, but also depredation on livestock, which in the last decades varied from several hundred to approximately one thousand heads. High depredation was the possible reason real numbers of wolves were close to ecological carrying capacity or even exceeded it in the period of 1994-1998. refferences
